Objective: To present the patients and the results of surgical treatment in displaced diaphyseal fracture of radius and ulna in children and to compare the result of the group treated with plate and screws with group treated by intramedullary Kirschner wire fixation. Methods: A prospective and comparative study of operative treatment; conducted at the Department of orthopedic in ALjamhory teaching hospital, Mosul between September 2001 and May 2003. Out of 153 children with traumatic displaced diaphyseal fracture of radius and ulna, operative treatment was indicated in 50 children, who were divided in two groups. The first group (26 patients) was treated with fixation by intramedullary Kirschner wires (K-wires), the wire introduced from distal end of radius and from olecranon or distal end for ulna. The second group (24 patients) was treated with fixation by 1/3-tubular plate (type AO) and screws. The functional outcome results at last follow up were assessed clinically. Results: There were 37 males and 13 females. The mean follow-up was 27 months. The mean age of patients was (10.42) years ranged. The right side was affected in 36% and left side in 64%. The operative time and duration of hospitalization were significantly shorter in the group treated by intramedullary Kirschner wires (K-wires). Most of the patients in both groups passed without serious complications. About 88% of patients in both groups had good or excellent results in last functional assessment. Conclusion: Both intramedullary K-wires fixation and plate and screws fixation are useful techniques in the treatment of displaced diaphyseal fractures of radius and ulna. Intramedullary K-wires fixation are safe, easy, cheaper, shorter in duration, skin incisions are smaller, less soft tissue dissection, the stripping of the periosteum is minimal, and with less complications. The ease of K-wires removal in the outpatient clinic and no need for second operation as in plate removal is another advantage. 
‫ﺘﻨﺘﺎج‬ ‫اﻻﺳ‬
orearm fractures are among the most common injuries in children (1, 2) . The mid shaft fractures of radius and ulna comprise 10-15% of all pediatric upper extremity fractures (3) . Displaced fractures of the forearm in children are often treated conservatively by closed reduction and plaster immobilization, but there is relatively high incidence of redisplacement, malunion consequent limitation of movements and a poor functional outcome (4 -8) . Unlike adults, children have significant capacity to remodel the fractures. This capacity is greatest in children younger than 10 years (9) (10) (11) . Displaced both-bone forearm fractures involve complex deforming muscular force, which may result in highly unstable injuries that can occasionally be quite difficult to manage with casting technique (12, 13) . Many studies have reported that conservative treatment of both-bone forearm fracture in children, particularly older ones, might leads to malunion. This is because of the difficulty, both in obtaining and maintaining the rotation in a plaster cast; as the swelling decrease and muscle spasm occurs, a redisplacement of the fracture may occur within the cast. However, management of unstable or irreducible diaphyseal fracture of the radius and ulna in children can be a challenge (9,14 -18) .
Open reduction and internal fixation when indicated and can be safely performed in children with irreducible or unstable fractures or when closed treatment methods have failed. Fixation is reliably achieved with plate and screws or intramedullary nailing (2, 7) . The aim of our study is to present the patients and the results of surgical treatment of diaphyseal fracture of radius and ulna in children and to compare the result of the group treated with plate and screws with the group treated by intramedullary Kirschner wire (K-wires) fixation. 
Patients and methods

Between
Surgical Technique:
The radius exposed through dorsal (Thompson) approach and ulna exposed through straight subcutaneous approach. The incision is shorter with limited exposure of bone in case of intra-medullary (K-wires) fixation. Both fractures should be explored and reduced before fixation of either of them. For (K-wires) we use usually more than (2 mm) in diameter, and the length according to the build of the patient. For radius the wires introduced from distal end after the reduction of the fracture (fig 2) . For ulna the wire introduced usually from the olecranon and the wire crosses the fracture . Two wires can be used if indicated. The fascia is left without suturing, proper hemostasis carried out after release of tourniquet, and the skin closed without drain, then dressing and back-slab applied. Then checking x-ray performed ( fig 2) . For plate and screws we usually used 1/3-tubular plate (type AO) with (4-6) holes according to the age of the child, type of screws were 3.5 mm cortical screws with appropriate length (fig 3) . The drill used in this technique was a manual one. The fascia is left without suturing, proper hemostasis carried out after release of tourniquet, and the skin closed without drain, then dressing and back-slab applied. Then checking x-ray performed (fig 3) .
The patients are kept under observation in the ward, and under cover of antibiotics and analgesics. Then discharged home to be seen after about two weeks for removal of stitches and for re-checking x-ray. The backslab was removed after (6-8) weeks and also the (K-wires) were removed at that time in the outpatient clinic (fig 4) . The back-slab was removed after 4 weeks in the group treated by plate and screws. The plate and screws were removed usually between (6-8) months and at that time readmission of the children to the hospital and investigations were done before the operation ( fig 5) .
The variables collected about the patients and methods of fixation were: age, sex, residence, mechanism of injury, fracture side, handedness, indication for open reduction, associated injuries, complications, and duration of hospitalization. The functional outcome results at last follow up were graded on the system adapted by Price et al (3, 11, 17) . Excellent results were no complaints with strenuous activity and loss of forearm rotation of less than 10 degrees. A good result, if there were only mild complaints with the activities and /or a loss of rotation of 11-30 degrees.
A fair results, if there were mild complaints with daily activities and / or rotational loss of 31-90 degrees.
All other results were classified as poor. The data were analyzed statistically by unpaired T test for the differences between two means.
Results
The total number of children treated operatively were 50 patients; 26 patients treated by open reduction and intra-medullary Kirschner wire fixation and 24 patients treated by open reduction and fixation by plate and screws. There were 37 males and 13 females. The mean follow-up were 27 months ranged between (10-40) months. The mean age of patients was (10.42) years ranged between (4-15) years. 33(66%) of our patients were from urban and 17(34%) from rural areas. The causative trauma was fall on ground in 80%, car accident in 12%, and direct trauma in 8%. The right side was affected in 36% and left side in 64%. The patients were right handed in 84% and left handed in 16%. The right handed patients had 28 fractures in left forearm and 14 fractures in right side. The left-handed had equal fractures in both sides (4 in each side). The associated injuries were head injury in 3 patients (6%), fracture of femur in one patient, fracture of humerus in one patient, and neurovascular injury and compartment syndrome each in one patient. The indications of operative treatment were variable (table-1). The mean of operative time was 30 minutes in patients treated by intra-medullary Kirschner wire fixation, while 50 minutes in patients treated by plate and screws (there is highly significant difference between the two methods, the P value was less than 0.001). The means of duration of hospitalization were 1.7 days in patients treated by intra-medullary Kirschner wire fixation, and 3.1 days in patients treated by plate and screws (there is significant difference between the two methods, the P value was less than 0.005).
Most of the patients in both groups passed without serious complications. Four patients developed edema (2 from each group) and treated by loosening of the plaster, elevation of the limb and the patient kept for longer duration in the hospital for observation. Superficial wound infection developed in 2 patients treated by plate and screws, and the infection controlled by antibiotic. Pin-track infection occurred in one patient treated by intra-medullary Kirschner wire fixation and the patient treated by antibiotics and early removal of wire. One patient treated by plate and screws developed deep wound infection, which was controlled by early removal of the fixation after callus formation and broadspectrum antibiotics. To the left, the x-ray shows the site of entrance is from the olecranon (for ulna). To the right, the site of entrance is from the ulnar styloid. 
Discussion:
Displaced diaphyseal fractures of radius and ulna show a high percentage of redisplacement and residual angulations after conservative treatment. These fractures therefore require operative treatment to avoid residual angulation deformities that are responsible for a persisting loss of forearm rotations (5, 19) . In this study, two operative treatments for displaced diaphyseal fracture of radius and ulna were used; the first method was open reduction and internal fixation by intramedullary K-wires, the second one was open reduction and fixation plate and screws.
The mean age for those children that needed open reduction and internal fixation by either of these two methods was 10.42 years. For those treated by (K-wires) the mean age was 10.07 years, while for those treated by plate and screws was 10.79 years. It is similar to the ages of children in other study that needed to be treated by open reduction and internal fixation (3, 4, 9, 11, 14, 18, 20) . The ratio of males to females was 3:1, in all other studies, the fracture radius and ulna was more common in males than females (7, 9, 11) . The residence of those children was 66% from urban area and 34% from rural area. We think that those children from rural area are usually treated traditionally by bonesetters, and if they presented to us, they usually presented late. In fact 6 children (35%) who came from rural area they presented late. Most of those children developed fractures after fall on ground on outstretched hand and this is in agreement with other studies (7, 20) .
Eighteen children (36%) had fractures in the right forearm, and 32 children 64% had fractures in the left forearm; the ratio of the fracture right: left side was 1:2 and this is similar to other studies that the fractures occur more in the left side (19, 21) . For handedness 84% of those children were right handed and 16% of them were left handed. We depend on the parents to determine the dominant hand in those children under 7 years old. There was a relation between the fracture side and the handedness and we found that 2/3 of those right-handed children had fractures in the left forearm bones. We couldn't find other studies that tackled the handedness and the relation to the fracture side. The indications for open reduction and internal fixation of such fractures were unstable, still displaced after a trial of manipulation, redisplacement, neglected, compound fracture, multiple, segmental, neurovascular injuries and compartment syndrome. In other studies there were other indications for open reduction of such a fractures in addition to those mentioned above, like pathological fractures, malunited fractures and refractures (3, 4, 7, 9, 11,18, 20 ,23) . We found that the operation in fixation by K-wires takes shorter time, in comparison to the fixation by plate and screws and statistically according to T-Test we found that the (p < 0.001), and this is a highly significant difference between the two methods. Those children that were treated by plate and screws, underwent a second operation for plate removal (fig 5) . Those children that were treated by Kwires, the wires were removed in the , 200 &2 No. 1 3 Vol. 3 e College of Medicine Annals of th outpatient clinic, so the risk from the anesthesia and surgery, the cost for the patients and the cost for hospitals were avoided (11) . The price of plate and 6 screws reaches 160 US$, while the price of K-wire is not more than 5 US$ (19) . The duration of hospitalization was longer for those treated by plate and screws. Those patients kept in the ward under observation and care, for 1-2 days longer than those treated by K-wires. The mean duration of stay in hospital for those treated by K-wires was (1.7) days, while for those treated by plate and screws the mean duration of hospitalization was (3.1) days. The difference was statistically significant (p < 0.005). In Richter et al report, the mean period of hospital treatment for patients treated by intramedullary nailing were 2.75 days (24) . About 88% of those children that were treated by K-wires passed without complications; other 12% developed either edema or pin track infection which subsided when the wires were removed within 6 weeks and under cover of antibiotics. While for plating the complications were more; 70% of them passed without complications, the others 30% developed edema, superficial wound infection (which subsided by antibiotics), deep wound infection or delayed union. In other reports the complications associated with K-wires fixation were less than that with plate and screws, and include: wire migration, infection, loss of reduction, delayed union, tendon entrapments, refractures, joint stiffness, bent wires, or broken wires (2, 11, 20, 22) . There were no reports of severe complication (24) . K-wire is safe to cross the epiphyseal plate without causing long term effect, provided care is taken and repeated attempts are avoided and if left protruding from the skin can be removed when the fracture is secure within 4-8 weeks without the need for a furthers surgery (25, 26) . Although intramedullary K-wires are safe, but it is still more invasive than conservative treatment and can only be recommended if optimal functional outcome cannot be obtained by closed reduction and cast immobilization (19, 24, 27) . Plate and screws fixation has been described in treatment of pediatric forearm fractures and it is an extremely rigid method of obtaining and maintaining anatomical reduction (2, 11) . Plate fixation has become a standard method of treatment for most of the adult diaphyseal fractures; and in UK the usual practice is to plate both-bones as in an adult (14) . But it appears to be a kind of overtreatment for pediatric fractures that usually heal within a short period of time (24) . Kay et al. promoted the need for internal fixation of both forearm bone fractures in children older than 10 years of age (20) . Intramedullary K-wires provide biomechnically stable fixation for the forearm fractures (9) . Luhmann et al and Shoemaker et al have recommended a supplemental plaster cast immobilization after intramedullary K-wires fixation (9, 24) . The back slab is kept for 6-8 weeks for those treated by K-wires; and for shorter duration for those treated by plate and screws. Complications of immobilization such as joint stiffness and atrophy are uncommon in children (24) . There is only a limited number of series on open reduction and internal fixation of pediatric forearm fractures with plates in the literatures (20, 28, 29) . With plate and screws fixation some studies had reported low incidence of discomfort or functional limitation (12) . Wyrsch reported on 22 children treated successfully with plate fixation, but there were 3 complications, which include deep infection, non-union and synostosis (7) . Furthermore, plate fixation removal is frequently necessary and there have been reported complication of plate removal, most frequent of which is refractures and neural injuries (7, 30) . Immature bone is known to heal well and the possibility for refractures are rare (31) . It is well established that the removal of plate and screws leaves behind a weakened bone and the residual screw holes are an additional important source of weakness (30) . The functional outcome results were excellent or good in about 88% of patients in both groups, and this is in agreement with the outcome results of Van der Reis et al and Price et al. (3, 7, 11, 17) . The penetration of epiphyseal plate by K-wire on fixation of fractures of radius and ulna is safe and without any deleterious effect on subsequent growth of the bones (32, 33) . We conclude that, when open reduction and internal fixation are indicated, it can be safely performed in children when closed treatment methods have failed. Both intramedullary K-wires fixation and plate and screws fixation are useful techniques with good outcome results for dealing with such fractures in children. We thought that intramedullary K-wires are safe, easy, shorter in duration, cheaper, Skin incisions are smaller, less soft tissue dissection, and the stripping of the periosteum is avoided. The ease of K-wires removal in the outpatient clinic and no need for secondary operation as in plate removal also provides excellent cosmoses with fewer complications.
